This thesis analyzes the influencing factors of carbon emission intensity based on the five types of panel data in 31 provinces (cities and autonomous regions) throughout China collected in China's "12th Five-Year Plan", and has conclusions as follows: the carbon intensity in various regions is mainly influenced by energy intensity, economic growth, proportion of the secondary industry, and fiscal expenditure. The carbon intensity basically maintains positive correlation with energy intensity and economic growth, while the correlation between carbon intensity and industrial structure, and that between carbon intensity and fiscal expenditure varies from each other. There are different industrial structures and corresponding changing laws in various provinces and cities. The favorable influences on carbon intensity by fiscal expenditure are not remarkable, and yet the relationship between proportion of fiscal expenditure and carbon intensity still shows positive correlation in most of the provinces. In the long run, the major way of realizing energy saving and emission reduction for various provinces still lies in adjustment and optimization of both industrial structure and energy consumption structure.
Introduction
Numerous scholars and policy makers at home and abroad have carried out in-depth exploration into energy saving, carbon reduction and low-carbon development for adapting to climatic changes. Most of them mainly investigate from three different perspectives according to different conditions in various countries: Firstly, the driving factors of carbon emission, and the relation between carbon emission and economic growth; Secondly, approaches and mechanism for realizing low-carbon economy, for example, exploration into carbon trade and carbon taxation system; Thirdly, cooperation and coordination mechanism for low carbon and emission reduction among various countries under the global background. Generally, even in developing countries during economic development it is encouraged to improve the destructive activities on environment through more effective use of investment and subsidy. There are ways such as adjusting influences caused by pollution through market measures. Many research models explore the mutual influences among energy, economy and environment. Table 1 explains the major categories of these models. In macro aspect the changes in macroeconomic indexes caused by changes in emission reduction policy fall within the Top-Down model, which is represented by CGE model and MACRO model that are applicable to macro-economy simulation based on market mechanism. The limitation of the Top-Down model is that the description of production and technical utilization is relatively abstract, and the causes of changes in energy price and consumption are unclear. Thus in empirical literature EKC (Environmental Kuznets Curve) is often used to make different analysis. The evidences put forth by Unruh and Moomaw (1998) show that EKC does not represent the development of pollution emission traces in different countries. Rather it indicates the pollution traces invarious countries during the same historical events and in a broad sense their sudden income changes. In another study Suri and Chapman (1998) examine the relation between EKC hypothesis and commercial energy consumption with trans-regional and time sequence, and suggest that the growth in energy demands of industrialization and exported finished products of industrialized countries have far outgrown energy consumption. Selden, Forrest and Lockhart (1999) observe the emission tendencies of 6 air pollutants in past years from 1970 to 1990 in America and show that there is a relation in the shape of a reverse U between pollutants emission of various forms and GDP. They interpret this shape to be the primary reason for decrease in the pollution emission and discover five effects: scale effect, composition effect, energy intensity effect, energy mix effect, and technique effect . Fan Jin (2000) points out that it is almost impossible to reach the turning point in the reverse U-shaped relation. If the urban energy consumption structure cannot be improved, pollution will deteriorate continuously due to economic development. The research results of Bruvoll and Medin (2003) show that lowering energy concentration degree is the most important way to reduce carbon dioxide emission. The importance of improving energy structure is only second to the importance of lowering energy concentration degree in emission reduction. Lee and Oh (2006) Angle (1997), based on the endogenous economic growth theory, discusses the research and development investment intensity, technology transfer, and foreign technology absorption capacity factors such as the impact on China's carbon emissions, the more energy consumption, the higher the income level. The researcher concludes that the greater openness will tend to lead to the more CO 2 emissions.
In China, Chinese economic scholars in carbon emission research have mostly explored the individual factors influencing carbon emission from the national perspective. For example, Wu et al. (2005) analyze China's 1996-1999 carbon emissions and suggest that the decline is mainly due to China's energy intensity and the average labor productivity growth. Xu et al. (2006) state that China's per capita carbon emissions is the main reason for the increase or decrease level of economic development (scale), and the intensity of energy and structural change is not significant influence on per capita carbon emissions. Chen (2001) and Fang (2007) examine Chinese forest carbon inventory and changes in average carbon density using improved biomass conversion factor method. Huang (2008) investigates the government subsidy quota in policy support for industrial development. Yu (2010) inquires into the concept that the government may realize sustainable development objectives of carbon-sink forestry under the guidance of commission-agency mechanism etc.. This study, however, points out that there are different developmental phases and environmental backgrounds in different regions, thus there are different factors influencing carbon intensity in various regions.
The present research, in the scope of the existing research and discussion, explores the common factors and different ones in different regions through studying the influences of macroeconomic development, government policy and industrial structure on the carbon dioxide emission per unit of GDP from the perspectives of different provinces in China. The complexity of this study thus leads to a rather complex data composition and certain inevitable limitation of such data, especially with the concern of the duration of years. Unlike other researchers' ways of classification, such as YUE (2010) who divides provinces into East, Central and West three categories, we classify various domestic provinces according to the data recorded in the "12th Five-Year Planning" of China, and carry out the analysis of the influences of each factor on carbon intensity with panel data model.
Research Methods and Data Analysis
Based on the data collected through the provincial disintegration program for energy saving and emission reduction in China's "12 th Five-Year Plan", we study the carbon emission and influencing factors of various domestic provinces and cities. Classifying the data of various provinces in China, we collect 7 variables: namely, energy intensity, industrial structure, economic development speed, proportion of local fiscal expenditure, proportion of state-owned energy industry, proportion of environmental pollution control, and proportion of total area of forestation, and interpret the data according to these variables.
Provincial Carbon Emission in China
The carbon emission situation and influencing factors in various provinces are explored from the point of view of provincial low-carbon economic development in inland areas of China. As shown in the total data on provincial carbon emission in 2009, the provinces and cities with more carbon emission are Shandong, Hebei, Guangdong, Jiangsu, Liaoning and Inner Mongolia in turn. The carbon emission of these 5 provinces all exceed 400 million tons. Listed behind them are 9 provinces such as Henan, Zhejiang, Shanxi, Sichuan, Hubei, Shanghai, Heilongjiang, Hunan and Anhui, with the carbon emission being 240 million tons. The carbon emission of the other provinces is relatively low, especially, in Ningxia, Qinghai and Hainan etc., where the carbon emission is below 100 million tons. From the point of view of different economic scales in various provinces, the carbon dioxide emission of the provinces with a high total GDP value in the year is relatively high, for example, Guangdong, Jiangsu, Shandong, Zhejiang, Henan and Liaoning etc..
The carbon emission scale can be roughly divided into the following categories: super-heavy, heavy, general and light (See Table 2 ). The number of provinces with super-heavy carbon mission over 100 million tons in 2009 is 0. This number reflects an improvement compared with the total number of 3 provinces with super-heavy carbon emission in 2005. The provinces with heavy carbon emission are mainly eastern provinces, for example, Shandong, Hebei, Guangdong, Jiangsu, Liaoning and Zhejiang. The provinces and cities with ordinary carbon emission are mainly central and western cities and provinces, for example, Shanxi, Hubei, Heilongjiang, Hunan, Anhui, Jilin and Jiangxi etc.. Except Hainan Province, the provinces and cities with light carbon emission are all in western regions. Therefore to briefly sum up, the carbon emission of economically developed eastern regions is higher, while that of underdeveloped central and western provinces is low. In other words, carbon emission plays a powerful promoting role in economic development. From the point of view of regional economic development, though the economic development level of eastern regions has achieved a preliminary scale with a prospect of lowering carbon emission, central regions still face the pressure from the increase of carbon emission along with the gradually quickening pace of the rise of these regions, which in a sense also brings about pressure to cause an increase of carbon emission in the whole country. 
Research Methods
Most of the existing analyses of the factors contributing to carbon emission reduction concentrate on the perspectives including the population revealed by Kaya formula, GDP and energy consumption and carbon transfer in international commodity trade etc.. Their analytical thoughts are basically consistent. The distinction mainly lies in: firstly, there are different targets for analysis, some of which are analyses of total carbon emission, some are analyses of carbon emission per capita, and some are analyses of carbon emission of unit GDP; secondly, based on the characteristics of economic and resource structure in the countries and regions where various scholars are located, they focus on extracting different factors for analysis; thirdly, single-factor relevant analyses of industrial structure of carbon emission, population structure or regional structure are conducted from different perspectives based on different areas studied. Based on these existing study results, various factors and economic development characteristics of the whole China and various provinces are integrated and added into this paper in order to explore the influence over carbon intensity wielded by the government input and environmental treatment. The factors added include: (1) the percentages of energy consumptions in various provinces accounting for their GDP; (2) the percentages of values added to the second industry accounting for GDPs in various provinces; (3) economic growth rates in various provinces; (4) the percentages of locally fiscal expenditure accounting for GDP; (5) the percentages of energy industry investments accounting for GDPs in various provinces; (6) the percentages of environmental pollution treatment and its investment accounting for GDP and (7) total forestation area accounting for GDP etc.. These factors are added to perform an analysis of carbon intensity per GDP in various provinces. The chosen factors are listed in Table A1 .
The data adopted herein comes from China Statistical Yearbook, China Statistical Yearbook on Environment, and relevant public and unpublicized data. Due to the limited number of samples, the carbon emission data of various provinces, and energy consumption data are obtained through converting the energy balance table in "China Energy Statistical Yearbook", while the proportion of the added value in the secondary industry, the economic growth rate, and the proportion of fiscal expenditure are calculated according to the relevant data of CCER. The proportion of investment on state-owned energy industry, the proportion of investment amount on environmental pollution control, and the proportion of total area of forestation in various provinces come from "China Statistical Yearbook on Environment".
Due to the different levels of carbon emission and carbon intensity in various provinces, many factors need to be considered, for example, geographic environmental factor, natural resource factor and policy factor etc.. There tends to be lack, omission or incompletion of data due to the excessive number of provinces. Thus we have made use of the panel model to analyze the factors influencing carbon emission in each province of China. Similar to the analysis of the factors influencing carbon intensity of various countries, the driving factors of provincial carbon intensity are mainly interpreted with 7 variables listed above. It is challenging to carry out panel model analysis for 31 provinces simultaneously due to the excessive number of provinces and the different developmental stages in different regions of China. Therefore classification has been carried out for the provincial disintegration program by National Development and Reform Commission of People's Republic of China based on the energy-saving and emission reduction objective in China's "12th Five-Year Planning". An analysis of individual category has also been made using the panel data model. 
The data is collected during 2003 and 2009, covering 30 provinces (cities, autonomous regions) except Tibet. The data on carbon intensity and energy intensity are obtained through converting the energy balance table in "China Energy Statistical Yearbook", and the proportion of the added value of the secondary industry, the economic growth rate, and the proportion of fiscal expenditure are calculated according to relevant CCER data. The proportion of investment on state-owned energy industry, the proportion of investment on environment pollution control, and the proportion of total forestation area in various provinces etc. are from "China Statistical Yearbook on Environment". See Table 4 for the specific meanings of the variables: Eviews software is used in this study to carry out analysis with panel data. Due to the small quantity of data and a large number of variables, "slope coefficients of different interpretative variables in different sectional individuals" are not distinguished here, and all the interpretative variables are ordinary ones in the model configuration to guarantee degree of freedom. The value under cross-section specific is empty, while the intercept item is adopted as the mixed variable model uniformly estimates.
Analysis of Influencing Factors of Provincial Carbon Emission-Analysis Based on Panel Data Model

Research on Influencing Factors of the Carbon Intensity of the First Category of Provinces (Cities)
The first category of provinces and cities for emission reduction in the disintegration program for energy saving and emission reduction in "12th Five-Year Plan" includes 5 provinces and cities that are Tianjin, Shanghai, Jiangsu, Zhejiang and Guangdong; all belong to coastal developed regions. The results of model regression are in Logically, the increase of investment on state-owned energy industry will necessarily lead to a rise in energy production and consumption and thus an increase in carbon emission. Therefore, the two shall have positive correlation theoretically. As the two variables are not significant, the regression of the model is carried out again after deleting the aforesaid two variables. The results are shown in Table 6 . The significance of the parameters has been significantly improved. The estimation formula of regression is as follows:
(1.70) (7.23) (-3.43) (1.60) (1.98) (3.27)
It can be seen that as for the first category of provinces, the major factors influencing carbon intensity are energy intensity, industrial structure, economic growth rate, fiscal expenditure and investment on environmental pollution control. Specifically, carbon intensity is positively correlated to energy intensity and economic growth, and complies with the basic logic. The proportion of the added value of the second industry is negatively correlated to carbon intensity mainly because the economic development of such provinces is rapid, and the optimization and adjustment of industrial structure also rank in the forefront. What is worth of attention is that the increase of fiscal expenditure will not necessarily lead to decrease of carbon intensity, which may be due to the fact that the major orientation of local government fiscal expenditure is economic construction instead of energy saving and emission reduction. Moreover, the increase of the investment on environment pollution control has not decreased carbon intensity, either, because such investment is mainly used for post-control, and mainly for control of industrial waste gases (carbon dioxide), waste water and solid particle pollution etc.. 
Research on Influencing Factors of the Carbon Intensity of the Second Category of Provinces (Cities)
The second category of provinces and cities in the disintegration program for energy saving and emission reduction in the "12th Five-Year Plan" includes 4 inland provinces with a large economic scale such as Beijing, Hebei, Liaoning and Shandong. According to the regression results obtained in the way similar to that in section 3.1, only the coefficients of the two variables such as LEI and EI_nat are relatively significant. Therefore, the variables shall be adjusted again. After the insignificant variables are deleted and the influence of the industrial structure of different provinces on the differences of carbon intensity are put into consideration, the regression model of the mode has been significantly improved. The results are shown in Table 7 . The carbon intensity of these four provinces and cities is all related to energy intensity, economic growth, industrial structure and fiscal expenditure. The carbon intensity is positively related to energy intensity and economic growth, and negatively related to fiscal expenditure. This means to these provinces and cities, the increase in the proportion of the fiscal expenditure in the previous period is beneficial for emission reduction. Moreover, the fact that carbon intensity shows negative correlation of different extents to the added value of the second industry suggests a relation to the changes of industrial structure of each province.
Research on Influencing Factors of the Carbon Intensity of the Third Category of Provinces (Cities)
The fourth category of provinces and cities under the disintegration program of "12th Five-Year Plan" energy-saving and emission reduction plan includes totally 12 provinces (cities or autonomous regions) Shanxi, Jilin, Heilongjiang, Anhui, Fujian, Jiangxi, Henan, Hubei, Hunan, Chongqing, Sichuang and Shaanxi. The regression results show that the significance of the variables DI and EI_nat is low. Model regression is carried out again after making a series of adjustments such as deleting the insignificant variables, variables with reverse symbols, and considering the different influences of the proportion of fiscal expenditure of different provinces. The results are basically satisfactory. The regression results are in The carbon intensity of these 12 provinces or autonomous regions is related to energy intensity, economic growth, industrial structure and fiscal expenditure. Carbon intensity is positively related to energy intensity and economic growth, and negatively related to the added value of the second industry. However, the relation between carbon intensity and the proportion of fiscal expenditure is relatively complex. The increase of fiscal expenditure is beneficial to decrease of carbon intensity in some provinces, for example, Shanxi and Sichuan. However, for most of the provinces, the increase of fiscal expenditure does not lower carbon intensity.
Research on Influencing Factors of the Carbon Intensity of the Fourth Category of Provinces (Cities)
The fourth category of provinces and cities under the "12th Five-Year Plan" disintegration program plan includes 6 provinces or autonomous regions such as Inner Mongolia, Guangxi, Guizhou, Yunnan, Gansu and Ningxia. There are following problems in the results of model regression of mixed variables: firstly, the statistical quantity of the variables g_GDP, DG and t of EPI is rather significant; secondly, the coefficient symbol of the secondary EI, EI_nat and Fore is in question. Logically, the increase in the amount of investment on state-owned energy industry will necessarily lead to a rise in energy production and consumption, and thus an increase in carbon emission. The two are therefore expected to be positively correlated theoretically. Moreover, the increase of forestation area is beneficial to absorption of carbon dioxide in the atmosphere, and the two shall be negatively related. After we delete the variables EPI, EI_nat and Fore, and carry out the first-order time delay of fiscal expenditure DG, Model regression is run one more time. The significance of the model is then improved to some extent. The results are listed in the following Table 9 : The carbon intensity of these 6 provinces or autonomous regions is related to energy intensity, economic growth, industrial structure and fiscal expenditure. Carbon intensity is positively related to energy intensity, and negatively related to the economic growth and the added value of the second industry. However, the relation between carbon intensity and the proportion of fiscal expenditure is negatively correlated to various extents, i.e. for those under this particular category of provinces and cities the increase of the proportion of the fiscal expenditure of the previous period is beneficial to emission reduction.
Research on Influencing Factors of the Carbon Intensity of the Fifth Category of Provinces (Cities)
The fifth category of provinces and cities under the disintegration program of "12th Five-Year Plan" energy saving and emission reduction plan includes 4 provinces (or autonomous regions) such as Hainan, Tibet, Qinghai and Xinjiang. Due to lack of data on Tibet Autonomous Region, there are only three sectional individuals in the model. There are following problems in the results of model regression of mixed variables: firstly, the statistical quantity of the variable DG and EPI is rather insignificant; secondly, the coefficient symbol of the variable EI_nat is in question. Logically, the increase of investment on state-owned energy industry will necessarily lead to a rise in energy production and consumption, and an increase in carbon emission, and therefore the two are expected to be positively related theoretically. Model regression is applied again after the variables EPI、EI_nat and Fore are deleted and the first-order time delay of fiscal expenditure DG is carried out. The results are listed in Table 10 : The significances of the parameters in the model is improved, but the coefficient of the variable Fore is significantly positive, which is inconsistent with the practical conditions. In addition, the expansion of forestation area will necessarily reduce the emission of carbon dioxide in the atmosphere. Such regression results may be due to a too small number of samples and excessive variables. The estimation formula of regression obtained after further adjusting the variables in the model is as follows:
(1.82) (1.80) (1.58) (-2.20) These results comply with the practical situation. That is to say, the carbon intensity of the fifth category of provinces and regions is mainly influenced by energy intensity, industrial structure, and local fiscal expenditure. Carbon intensity is positively related to energy intensity and the proportion of the added value of the second industry, while it is negatively related to the proportion of the fiscal expenditure of the previous period. This means that the increase in the proportion of local fiscal expenditure in GDP is beneficial to decreasing carbon intensity.
Discussion and Policy Proposals
According the category listed and discussion conducted in section III, there are different factors influencing carbon intensity in different categories. Even though there may be the phenomena that different variables have different remarkable levels in different provinces for the same category, by integrating the laws, it is discovered that the carbon intensity of various provinces is mainly influenced by energy intensity, economic growth, the proportion of the second industry, and the fiscal expenditure. Basically, carbon intensity is positively related to energy intensity and economic growth. The correlation between carbon intensity and industrial structure, and that between carbon intensity and fiscal expenditure vary respectively. The carbon intensity of the second industry is positively related to energy intensity in some provinces (cities and autonomous regions), while it is negatively related in others, which is mainly due to the fact that the industrial structure of various provinces (cities and autonomous regions) is different, and that they have corresponding changing laws. The beneficial influence of fiscal expenditure on carbon intensity is insignificant, but the proportion of the fiscal expenditure is still positively related to carbon intensity. Moreover, theoretically, the forestation area, the investment on environmental pollution control, and the investment amount on state-owned energy industry shall be closely related to carbon intensity. However, due to the limited data, such variables have been deleted during model optimization as the coefficient symbol is inconsistent with the practical conditions. In the long run, the major way to realize energy saving and emission reduction of various provinces still lies in the adjustment of energy consumption structure, and the optimization and adjustment of industrial structure.
There are three major ways to reduce emission in various countries: firstly, optimization of energy consumption structure and the substitutive consumption with clean energy will greatly lower the emission of carbon dioxide in various regions and reduce environmental pollution without being at the cost of economic development. Secondly, the adjustment of economic development structure: the second industry, especially power generation industry, traffic transport industry and architectural industry, is the industry with more carbon emission. It is necessary to carry out an adjustment of economic structure unswervingly to realize the optimization and upgrading of industrial structure. Thirdly, establish market mechanism on energy saving and emission reduction with public expenditure, for example, carbon trading, carbon finance, and preferential and incentive policies on energy saving and emission reduction. According to the analysis in this study, the positive influence of government fiscal expenditure on carbon intensity is insignificant. This can mainly be because with the huge amount of fiscal expenditure only a small amount of expenditure is used on specific energy saving and emission reduction and also it is often impossible to accurately estimate the exact amount. In the long run, we do not agree to the way of realizing emission reduction merely through quantitative fiscal expenditure, because in our view low-carbon economy is to achieve a win-win situation between energy saving, emission reduction and economic development. Not only is achieving energy saving and emission reduction merely through fiscal expenditure totally ineffective, but sustainable development of low-carbon economy cannot be realized either. As a result, the following policy proposals have been put forth in this study:
1) From the perspective of industry, the development of industries involving of high-carbon technology shall be avoided. The government shall apply policy guidance and fiscal subsidy to guide the enterprises to carry out production with a high emission reduction technical cost. It shall also provide the industries an environment where they could apply "innovative technology", and thereby create a new commercial mode.
2) From the perspective of energy, the government shall formulate various policies and laws to encourage technological development of new energy, and carry out cooperation and exchanges with various countries frequently. And it shall strengthen development of energy technology, plan the long-term development of energy technology, and shall be good at using energy policy measures, and formulate policy and establish system from the perspective of environmental protection and sustainable development.
3) As for the environment, it is still necessary to establish a certification system in line with international practices, and to develop a domestic environmental management system in a sound way, to advocate green consumption concepts, and to promote environmental protection rules and system. To sustain the ecological environment, it is necessary to make a full investment on control and reconstruction of the ecological environment under the premise of giving sufficient consideration to the diversity of the ecological environment, for example, tree planting and forestation.
